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CERIUM AND/OR LANTHANUM PHOSPHATE SOT,. A PROCESS FOR ITS 
JPREPARATIONA MDJLISE FOR POLISHING 

RHODIA CHIMIE 

The invention concerns a c erium ^and/o rjanthanum phosphate sol, a process for its 
preparation and it use in polishing. 

The development of the electronics industry requires an ever-increasing-use of compositions 
for polishing the various parts such as disks ^o^ejectric^components. Such compositions are in the 
form of suspensions and they have to satisfy a number of characteristics. As an example, they must 
have a high matter removal rate which stems from their abrasive nature. They must also have the 
lowest possible defectivity, with "defectivity" meaning the number of scratches on the substrate 
treated by the composition. A certain selectivity of the composition towards a metal may also be 
required. Thus the development of such compositions is a complex problem. 

Thus there exists a need for such polishing compositions. 

The aim of the invention is to provide such compositions and a process for preparing such 
compositions. 

To this end, the sol of the invention is characterized in that it comprises: 

• an aqueous phase; 

• particles of a phosphate of at least one rare earth selected from cerium and lanthanum; 

• an acid, other .than phosphoric acid the cerium and lanthanum salts of which are soluble in 
water. 

Further, the invention also concerns a process for preparing a sol of a phosphate of at least 
one rare earth selected from cerium and lanthanum which, in a first implementation, is characterized 
in that it comprises the following steps: mixing a solution of salts of at least one said rare earth with 
phosphate ions in a P0 4 3 7rare earth mole ratio of more than 1 with control of the pH of the reaction 
medium to a value of more than 2; ageing the precipitate obtained if the value of the pH of the 
reaction medium is in the range 2 to 6; separating the precipitate from the reaction medium; re- 

8- 



dispersing said precipitate in water; adding at least one salt of said rare earth to the dispersion and 
said acid in a quantity such that the final P0 4 3 7rare earth mole ratio in the dispersion is 1 . 

In a second implementation of the invention, a process for preparing a sol of a phosphate of 
at least one rare earth selected from cerium and lanthanum is characterized in that it comprises the 
following steps: continuously introducing, with stirring, a first solution of salts of at least one said 
rare earth into a second solution containing phosphate ions and with an initial pH of less than 2; the 
phosphate ions being present in a quantity such that the P0 4 3 7rare earth mole ratio is more than 1; 
controlling the pH of the reaction medium to a substantially constant value of less than 2; separating 
the precipitate from the reaction medium; re-dispersing said precipitate in water; adding at least one 
salt of said rare earth and said acid to the dispersion in a quantity such that the final P0 4 3 7rare earth 
mole ratio in the dispersion is 1 . 

Further characteristics, details and advantages of the invention will become more apparent 
from the following description and non-limiting examples given by way of illustration. 

The invention concerns a sol of a rare earth phosphate, the rare earth being cerium or 
lanthanum, more precisely an orthophosphate with formula ^I^nPO^/Ln designating the rare earth. 
This orthophosphate is hydrated and has a hexagonal structure. The invention is, of course, 
applicable to mixed cerium and lanthanum phosphates (La,Ce)P0 4 and the term "rare earth 
phosphate" will be used in a general manner in the remainder of the description with the meaning 
which has just been defined in this paragraph. 

Throughout the remainder of the description, the expression "sol" or "colloidal dispersion" 
of a rare earth phosphate designates any system constituted by fine solid particles of colloidal 
dimensions based on this phosphate in suspension in a liquid phase, said phosphate also possibly 
containing residual quantities of bonded or adsorbed ions such as nitrates, acetates, citrates or 
ammonium. It should be noted that in such dispersions, the phosphate can be either completely in 
the form of colloids, or simultaneously in the form of ions and in the form of colloids. 

The average diameter of the rare earth phosphate particles is generally at most 200 nm. 
These particles are constituted by an agglomeration of elementary crystals, generally acicular in 
form, about 5 nm to 20 nm thick and a few tens of nanometres long, in particular in the range about 



25 nm to about 200 nm. The average diameter of the particles or colloids is determined by 
Sedigraph granulometric analysis and the shapes and dimensions of the elementary crystals are 
determined by electron microscopy. 

In one feature of the invention, the sol also contamsjan acid. This acid is an acid other than 
phosphoric acid. It is an acid selected from those the lanthanum and cerium salts of which are 
soluble in water. This acid can in particular be an organic acid. More particularly, this acid can be 
selected from those wherein the pK a is at least 3. Examples which can be cited are nitric acid, acetic 
acid, formic acid, citric acid and propionic acid. The acid can be present in any form, dissociated or 
undissociated. 

Preferably, the pH of the sol of the invention is at least 4. This pH can in particular be in the 
range 4 to 6, more particularly between 4.5 and 5.5. The pH of the sol can be fixed at different 
values depending on the pK a of the acid used. 

The concentration of the sol can vary between wide limits, for example in the range 0.01 to 2 
moles of L11PO4 per litre. 

The process for preparing the sol of the invention will now be described. Two 
implementations can be employed for the process. 

The first implementation corresponds to a process of the typejnentioned in European patent 
application EP-A-0 498 689 the description of which should be referred to. 

As indicated above, this first implementation comprises a first step in which a solution of 
salts of at least one said rare earth is mixed with phosphate ions in a P0 4 3 7rare earth mole ratio of 
more than 1 , controlling the pH of the reaction medium to a value of more than 2. 

In particular, suitable rare earth salts are salts which are soluble in aqueous media, such as 
nitrates, chlorides, acetates, carboxylates or a mixture thereof. 

The phosphate ions which are intended to be reacted with the solution of rare earth salts can 
be supplied by compounds which are pure or in solution, such as phosphoric acid, alkali phosphates 
or phosphates of other metallic elements producing a soluble compound with the anions associated 
with the rare earths. The phosphate ions are preferably added in the form of a solution of an 



ammonium phosphate which can more particularly be di-ammonium or mono-ammonium 
phosphate. 

The phosphate ions are present in a quantity such that the reaction medium has a P0 4 3 7rare 
earth mole ratio of more than 1, advantageously in the range 1.1 to 3. 

The term "controlled pH" means the pH of the precipitation medium is held at a certain 
value, which is constant or substantially constant, by adding basic compounds or buffer solutions to 
the medium. The pH of the medium will thus vary by at most 0.5 pH units about the set value, 
preferably by at most 0.1 pH unit about this value. 

The mixture of the solution of the rare earth salt and the phosphate ions produces a 
precipitate. The precipitate is aged in the precipitation medium, after mixing is complete, for a 
period which can, for example, be in the range about 1 5 min to about 1 0 hours, when precipitation 
takes place at a pH in the range about 2 to 6. This ageing can produce a product which can be 
filtered. This ageing step is not necessary when the pH of the precipitation medium is more than 6. 
However, it can be carried out to further improve the filterability of the precipitate. Ageing can be 
carried out at any temperature, for example in the range 15°C to 100°C. 

The pH is advantageously controlled by adding a basic compound. Examples of suitable 
basic compounds which can be cited are metallic hydroxides (NaOH, KOH, Ca(OH) 2 , ...) or 
ammonium hydroxide, or any other basic compound the constituent species of which do not form 
any precipitate when added to the reaction medium, by combination with one of the other species 
contained in the medium, to control the pH of the precipitation medium. A preferred basic 
compound is ammonia, advantageously used in an aqueous solution. 

Precipitation is preferably carried out in an aqueous medium at a temperature which is not 
critical and~which is advantageously in the range from ambient temperature (15°C-25°C) to 100°C. 
The reaction medium is stirred while precipitation takes place. 

The precipitate obtained can be separated from the reaction medium by any suitable means, 
in particular by filtering. It can, for example, be washed with water to eliminate any impurities. 

The precipitate is then dispersed in water. Finally, at least one said rare earth salt and said 
acid other than phosphoric acid are.added in a quantity such that the final P0 4 3 7rare earth mole ratio 
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in the dispersion is equal to 1. This addition is made with stirring and, optionally, hot. Ageing can 
be carried out for a period in the range 1 5 minutes to 1 hour. 

At the end of this last step, a dispersion or sol of the rare earth phosphate of the invention is 
obtained. This sol is stable. 
5 The preparation process can also be carried out in accordance with a second implementation 

which is the preferred implementation. This second ^implementation corresponds to the process 
described in European patent application EP-A-0 581 622 the description 1 of which can be referred 
to. 

The first step of this process consists of introducing, continuously and with stirring, a first 

OlO solution of salts of at least one of said rare earth salts into a second solution containing phosphate 
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13 ions and with an initial pH of less than 2; during precipitation, the pH of the precipitation medium is 

HJ controlled at a substantially constant value of less than 2. 

id The above description with respect to the first implementation regarding the precipitation 

p parameters, in particular as regards the rare earth salts, the phosphate ions (P0 4 3 7rare earth mole 

in 

p 1 5 ratio of more than 1) and controlling the pH is also applicable here. 

\Z However, a certain order of introducing the reactants must be followed; more precisely, the 
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! ~ solution of soluble salts of the rare earth or rare earths must be introduced slowly and continuously 
into the solution containing the phosphate ions. Further, the solution containing the phosphate ions 
must initially (i.e., before starting to introduce the solution of rare earth salts) have a pH of less than 

20 2, preferably in the range 1 to 2. Further, while the solution used naturally does not have~such a pH, 
the latter is brought to the suitable desired value either by adding a base (for example ammonia, in 
the case of an initial solution of phosphoric acid) or by adding an acid (for example nitric acid in the 
case of an initial solution of di-ammonium phosphate). 

Next, during introduction of the solution containing the rare earth salt or salts, the pH of the 

25 precipitation medium gradually reduces; further, to maintain the pH of the precipitation medium to 
the desired constant working value, it must be less than 2 and preferably in the range 1 to 2, a basic 
compound is simultaneously introduced into this medium. 



At the end of the reaction, a precipitate is recovered which is treated in the same manner as 
that described in the case of the first implementation to obtain the sol of the invention. 

The invention also concerns a suspension for polishing, comprising a sol as describedjibove 
or a sol as obtained by the processes described above. This suspension can be used to polish glass, 



for example in the areas x5f l>lass~m"aM^ television screens, spectacles, or for 

polishing^ceramic materials or other vitreous type materials. More particularly, this jsuspensiorf can 
also_beju^_Jc^^ in the electronics industry: In this case, it is particularly 

suitable for polishing metallic substratesjisecL in. producing microprocessors, these substrates being 
produced from copper, aluminium, titanium nitride or tungsten. 

In general, in addition to the compound with an abrasive property such as the sol of the 
invention, such suspensions comprise additives such as a dispersing agent or an oxidising agent. 

The sol of the invention can also be used on a- substrate as an anti-corrosion agent, for 
example on metallic substrates and in particular on steel substrates. 

The condition of the substrate before the treatment does not require any particular 
intervention, apart from conventional degreasing and cleaning treatments. The substrates may or 
may not be pre-oxidised. 

Deposition on the substrate can be carried out directly from the sol using conventional 
coating techniques of the dipping or spraying type, for example. 

The substrate must then be heat treated, in particular to eliminate water. 

The heat treatment is generally carried out at a temperature of at most 600°C. This 
temperature can be lower, for example at most 400°C, depending on the nature of the substrates. 

Finally, the sol of the invention can be used as an anti-UV agent, for example in plastic 
materials. 

Non limiting examples will now be given. 



This example concerns the preparation of a cerium phosphate sol of the invention. 
Firstly, a 2 mo 1/1 phosphoric acid solution was heated to 60°C and pre-neutralised to a pH of 
1.5 by 6 mol/1 ammonia. A 2 mol/1 cerium nitrate solution was added continuously over 1 hour. 




EXAMPLE 1 
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The quantity of solution was determined so as to have a P0 4 3 7rare earth mole ratio of 1.1. The pH 
of the reaction medium was adjusted to 1.5 by adding ammonia in a concentration of 6 mol/1. The 
final concentration of precipitated cerium phosphate was 0.75 mol/1. 

The reaction mixture was aged for 30 minutes at 60°C. It was filtered than washed with cold 
water. It was dried in a Buchner flask for 1 5 minutes. 

The moist phosphate obtained had an excess of P0 4 " ions of 0.6 x 10° mole/g. 4.5 kg of 
this phosphate was dispersed in 30 1 of deionised water then after stirring, 974 g of cerium acetate 
was added so that the P0 4 3 7Ce ratio was brought to 1 . 

The mixture was allowed to age for 30 minutes at ambient temperature. 

The final concentration of the sol was 100 g/1 of cerium phosphate; the pH was 4.8. 

TEM microscopic analysis showed that the phosphate was in the form of particles constituted 
by acicular crystals up to 170 nm long and with a width in the range 5 to 20 nm. 

EXAMPLE 2 

The procedure of Example 1 was followed until a moist cerium phosphate was obtained with 
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an excess of P0 4 " ions of 0.5x10" mole/g of cerium phosphate with respect to the exact 
stoichiometry. 

1 89 g of this cerium phosphate was dispersed in 1 litre of deionised water with stirring and at 

20°C. 

55 g of cerium nitrate in solution was added to this dispersion at 20°C and with stirring, so 
that the P0 4 3 7rare earth ratio was brought to 1 . 

The mixture was aged for 30 minutes at 20°C. 

The final concentration of this sol was 1 10 g/1 of cerium phosphate and its pH was 1 .4. 

EXAMPLE 3 

This example concerns the preparation of a lanthanum phosphate sol of the invention. 

Precipitation of the lanthanum phosphate was identical to that of the cerium phosphate of the 
preceding examples. The moist lanthanum phosphate obtained had an excess of P0 4 3 " ions of 
6.6 x 10" 4 mole/g of moist lanthanum phosphate with respect to the exact stoichiometry. 



170 g of moist lanthanum phosphate was dispersed in 1.1 litres of deionised water with 
stirring and at 20°C. 

24 g of lanthanum acetate La(CH 3 COO) 3 1.3H 2 0 was added to this dispersion at 20°C and 
with stirring, so that the P0 4 3 7rare earth ratio was brought to 1 . 
The mixture was aged for 30 minutes at 20°C. 

The final concentration of this sol was 100 g/1 of lanthanum phosphate and its pH was 4.5. 

EXAMPLE 4 

The starting material was a moist lanthanum phosphate obtained as in Example 3 but with an 
excess of P0 4 3 " ions of 3.9 x 10" 3 mole/g of moist lanthanum phosphate with respect to the exact 
stoichiometry. 

113.6 g of lanthanum phosphate was dispersed in 0.74 litre of deionised water with stirring 
and at 20°C. 

26.8 g of lanthanum nitrate in solution was added to this dispersion at 20°C and with stirring, 
so that the P0 4 3 7rare earth ratio was brought to 1 . 

The mixture was aged for 20 minutes at 20°C. 

The final concentration of this sol was 100 g/1 of lanthanum phosphate and its pH was 1 .36. 

EXAMPLE 5 

This example concerns the use of the sol of Example 1 for polishing. 

Substrates (wafers) coated with tungsten, titanium nitride, copper or aluminium were 
polished. 

The operating conditions were as follows: 

LOGITECH PM5 CMP machine, with 4-point planarization analysis; 
Pressure 2 psi (1.1 x 10 H Pa); 

Concentration of sol: 1% by weight; sol flow rate; 100 ml/min; 

Table rotation rate: 33 rpm. 

The results are shown in the following table: 
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Substrate 


Al 


TiN 2 


Cu 


W 


Removal rate in 
A/min 


5200 


66 


1410 


21 
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